To report clinical feasibility of non-mydriatic ultra-widefield (NMU-WF) imaging and determine the prevalence of peripheral retinal pathology in comparison to standard single-field imaging in a primary care setting.
INTRODUCTION
Retinal imaging is an important adjunct to the diagnosis, management, and monitoring of various posterior segment conditions. Traditionally, singlefield fundus photography is used to evaluate and monitor diseases primarily involving the posterior pole, such as macular degeneration, glaucoma, and optic neuropathy, among others. It effectively captures the posterior pole, including the macula and optic nerve, covering a 20° to 50° field of view. It is also routinely used for the diagnosis, treatment, and monitoring of posterior segment conditions that may extend beyond the posterior pole, such as diabetic retinopathy, choroidal nevi, retinal tears, and retinal vascular occlusions. This modality, however, is limited in that it is unable to adequately image the retinal periphery that is an important site of pathology in a multitude of diseases.
To date, the evaluation of the retinal periphery relies on a dilated fundus examination using indirect ophthalmoscopy with scleral depression. However, during the past two decades, there have been significant advances in imaging of the retinal periphery using widefield fundus imaging through hardware and software innovations. In the early 1990s, the Early Treatment Diabetic Retinopathy Study (ETDRS) detailed a systematic protocol of acquiring a series of seven single-field fundus images each covering a 30° retinal field that were then montaged manually to create an approximately 75° field of view up to the midperiphery to classify diabetic retinopathy.
1,2 However, this protocol is limited in a clinical setting in that there is need for excellent pupillary dilation, relatively clear media, and good patient cooperation for fixating appropriately to image the desired peripheral retinal location. It also relies heavily on trained photographers to obtain high-quality images and manual creation of the montage and/or independent evaluation of each of the seven single-field images, which can be both time-consuming as well prone to errors. Even so, although this protocol is able to provide visualization of the fundus up to the midperiphery, it is unable to image the far periphery of the retina.
During the past decades, several innovative approaches to widefield fundus imaging have been introduced. These include the Pomerantzeff camera, the Panoret-100, the Staurenghi lens, and the RetCam3 system (Clarity Medical Systems, Pleasanton, CA). [3] [4] [5] [6] [7] [8] These devices can provide 100° to 160° panoramic photographs using either traditional fundus photography or confocal scanning laser ophthalmoscopy (cSLO). However, these platforms are limited by the need of a contact lens that requires a skilled photographer to hold the camera and lens in place during image acquisition.
Recently, two non-contact ultra-widefield imaging systems have been introduced: the Heidelberg Spectralis (Heidelberg Engineering, Heidelberg, Germany) and the Optos (Optos, Dunfermline, UK). 9 The Optos imaging system is able to obtain a 200° internal view of the retina, representing approximately 82.5% of the total retinal surface in a single capture. This device uses cSLO technology and a unique ellipsoid mirror to create a virtual focal point inside the eye that enables non-contact imaging of the central and peripheral retina in tandem through a single image without a need for pupillary dilation. It uses two wavelength lasers (red 633 nm and green 532 nm) instead of the full-spectrum white light to enhance visualization of retinal tissue. To date, it offers the widest imaging capability of any available digital retinal imaging system. 9 Using non-mydriatic ultra-widefield imaging (NMUWF), visualization of peripheral retinal pathology and its correlation with various chorioretinal conditions and their treatment has been extensively investigated recently. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] The present study aims to analyze the feasibility of performing NMUWF in a primary care setting and to determine the prevalence of peripheral retinal pathology in comparison to standard single-field fundus photography.
PATIENTS AND METHODS

Study Design
This retrospective study was performed at the Cleveland Clinic Cole Eye Institute (Cleveland, OH) after approval from the Cleveland Clinic Investigational Review Board. Because of the retrospective nature of the study with minimal patient risk, written informed consent was considered exempt. All studyrelated procedures were performed in accordance with best practices and adhered to the Health Insurance Portability and Accountability Act.
Participants
Healthy subjects who underwent NMUWF imaging during their annual primary care visit at Cleveland Clinic from October 1, 2015, through March 31, 2016, were included in this study. A total of 632 subjects (1,260 eyes) were identified. The demographic and clinical data including age, gender, race, and comorbidities (including diabetes, hypertension, and hyperlipidemia) were extracted from the electronic health record system.
Non-Mydriatic Ultra-Widefield Fundus Imaging
All subjects underwent NMUWF imaging using the Optos Daytona (Optos, Dunfermline, UK) device as part of their annual primary care evaluation. A medical assistant (non-ophthalmic technician) that was trained to perform the photography during a 3-to 4-hour training session performed all the imaging.
Image Processing and Analysis
The NMUWF images of all eyes were extracted from the Optos ProView software and processed using an automated algorithm that first aligns the images and then creates two sets of images from each eye: (1) image with mask/grid outline that comprises the NMUWF image with a superimposed outline simulating the size of a standard single-field fundus photograph (45° field) delineating the posterior pole (macula and the optic nerve) from the peripheral retina, and (2) image with mask/grid that extracts the center 45° field comprising the posterior pole that resembles a standard single-field fundus photograph and masks the peripheral retina entirely (single-field image) (Figure 1) .
To be considered "fully gradable," the NMUWF images needed to have at least a 50% or more peripheral view beyond the superimposed outline at 45° delineating the posterior pole (total: approximately 145° to 150° field of view or more, including the posterior pole). NMUWF images that had some obscuration of the retinal field due to suboptimum resolution secondary to motion and/or eyelash artifacts (up to 25% of the fundus view within the posterior pole) but at least a 25% peripheral retinal field visible beyond the outline (total: 95° to 100° field of view or more, including the posterior pole) were considered "gradable." Those that had obscuration of more than 25% of the fundus view within the posterior pole and/or less than 25% peripheral retinal field visible beyond the outline were considered "non-gradable." Single-field images were considered fully gradable when a complete 45° view of the posterior pole was visible, gradable when less than 25% view of the posterior pole was obscured owing to suboptimum resolution secondary to motion/eyelash artifacts, and non-gradable when more than 25% view of the posterior pole was obscured. Two independent readers (MA, FQS) analyzed the NMUWF images and the single-field images from each eye to characterize the peripheral retinal findings and determine their prevalence.
RESULTS
A total of 632 subjects (1,260 eyes) were included in the study. The demographic and clinical characteristics of the subjects are presented in Table 1 . Of the 1,260 eyes, one eye failed alignment during image processing and, hence, could not be analyzed due to unavailability of its corresponding NMUWF and single-field fundus images. In addition, 21 eyes (21 of 1,260; 1.7%) were considered non-gradable according to the criteria for grading described above. The images of the remaining 1,238 eyes (1,238 of 1,260; 98.3%) were gradable, demonstrating the feasibility of performing NMUWF imaging by a medical assistant (nonophthalmic technician) in a primary care setting, and were used for the purposes of analysis. The NMUWF images were able to detect retinal pathology in 228 of 1,238 eyes (18.4%) that were not visible on the corresponding single-field images. These pathologies included dot-blot hemorrhages (44 of 1,238; 3.5%), peripheral retinal degenerations (48 of 1,238; 3.9%), choroidal nevi (23 of 1,238; 1.9%), drusen (16 of 1,238; 1.3%), retinal tear (nine of 1,238; 0.7%), chorioretinal atrophy (nine of 1,238; 0.7%), choroidal lesion suspicious of melanoma (one of 1,238; 0.1%) and retinoschisis (one of 1,238; 0.1%), among others (Figure 2) . Table 2 delineates the various peripheral retinal pathologies and findings observed with their corresponding prevalence in the study cohort.
DISCUSSION
This study presents the utility of NMUWF fundus imaging comprising up to 200° field of view compared with standard single-field fundus imaging (45° field of view) for evaluation of peripheral retinal pathology in a large cohort of healthy subjects undergoing imaging as part of their annual health screening in a nonophthalmological setting. It demonstrates the clinical feasibility of NMUWF imaging in a wide variety of clinical conditions. The NMUWF images had excellent quality and resolution ( Figure  2 ) with only 1.7% of non-gradable images (21/1,260 eyes). Since the device used does not require contact lens, image acquisition can be adequately performed by a nonophthalmic technician as demonstrated in the present study. The clinical feasibility of NMU-WF imaging in varied clinical settings has also been reported previously by Nagiel et al. in a review that illustrates its utility in a variety of disorders. 21 Klufas et al. has also reported the feasibility of NMUWF imaging in a study using NMUWF indocyanine angiography with the Optos system. 22 Additionally, NMUWF imaging revealed abnormalities in the peripheral retina that may otherwise [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] 23, 24 In a prospective study of 380 diabetic patients (759 eyes), Wilson et al. found a 83.6% sensitivity for NMUWF images in identifying diabetic retinopathy when compared to a sensitivity of 82.9% for single-field images and 82.9% for dualfield images (P > .2), suggesting that NMUWF imaging can be appropriately used for screening purposes. 23 NMUWF imaging is also a useful adjunct to clinical examination for characterizing retinal detachments and detecting peripheral degenerative changes. In a retrospective study that evaluated the usefulness of NMUWF imaging to identify peripheral retinal lesions in patients with myopia in a clinical setting, Lee et al. reported a 90.8% diagnostic sensitivity in patients with myopia, 91.0% in patients with high myopia, and 90.9% in totally myopic patients. 24 In conclusion, NMUWF technology can be very useful for telemedicine screening and disease management programs especially in the underserved areas. Telemedicine based diagnosis of retinal diseases has already been validated in various studies for retinopathy of prematurity, diabetic retinopathy, and cytomegalovirus retinitis using conventional standard field fundus photography. [25] [26] [27] [28] [29] [30] [31] [32] The use of NMUWF imaging for this purpose would enable a nonophthalmic technician to perform non-contact photography of a wider field than traditional fundus imaging without need for mydriasis and allow improved visualization of peripheral retinal pathology.
